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Indian Standard 

METHOD FOR CALIBRATION 

OF PENDULUM IMPACT TESTING MACHINES 

FOR TESTING METALS 

(First Revision) 

0. FOREWORD 

0.1 This Indian Standard was adopted by the Indian Standards 
Institution on 12 December 1977, after the draft finalized by the Methods 
of Physical Tests Sectional Committee had been approved by the 
Structural and Metals Division Council. 

0.2 This standard was first published in 1966. It was taken up for 
review by the Committee and is now being issued as a revised standard 
with certain modifications for requirements relating to: 

a) inspection of machine framework, 

b) verification of the pedulum, and 

c) Test piece supports. 

In the preparation of this standard, due account has been taken of 
latest international agreements concerning the use of SI units in relation 
to impact testing. 

0.3 This standard prescribes the requirements for the inspection, 
calibration and verification of pendulum impact testing machines 
employed for conducting notched bar impact tests. The method of 
calibration specified in this standard is essentially static in nature and is 
intended for the purpose of verifying machines by means of measuring 
the potential energy after the test piece has been struck. This standard 
does not take into account the energy absorbed, other than when 
fracturing the test piece, corrected to cover air resistance and friction 
losses. 

0.4 This standard also includes direct method of checking points on the 
measuring scale of a bean-type machine by comparison tests on unnotched 
test pieces in the machine under test and in a previously calibrated 
machine. This method may also be used to check the performance of 
the machine over a period of time, without reference to any other 
machine. This method, however, is not intended as an alternate method 
to complete verification and shall not be used without the consent of the 
parties concerned. 
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0.5 This standard is based on ISO/R 442-1965 Verification of pendulum 
impact testing machines for testing steels' issued by the International 
Organization for Standardization, which represents the consensus of 
international opinion on the subject. In the preparation of this standard 
assistance has also been derived from BS 131 : Part 4 : 1972 'Calibration 
of pendulum impact testing machines for metals' published by British 
Standards Institution. 

0.6 In reporting the result of a test made in accordance with this 
standard, if the final value, observed or calculated, is to be rounded off, 
it shall be done in accordance with IS : 2-1960*. 



1. SCOPE 

1.1 This standard prescribes the method for calibration of pendulum 
impact testing machines employed for carrying out notched bar impact 
tests on metals . 

2. TERMINOLOGY 

2.1 For the purpose of this standard, the definitions given in IS : 5069- 
19691% shall apply. 

3. CALIBRATION 

3.1 The calibration of the machine shall be carried out after installation 
and shall cover the verification of the following elements which are 
illustrated in Fig. 1, 2* 3, and 4: 

a) Machine framework (the structure supporting the pendulum 
excluding the foundation ); 

b) Pendulum; 

c) Test piece supports; and 

d) Indicating equipment for the absorbed impact energy ( namely, 
scale and friction pointer ). 

3.2 Machine Framework 

3.2.1 Inspection of the machine framework shall consist of determining 
the following: 

a) Horizontal level of the test piece supports, 

b) Free position of the pendulum, 



♦Rules for rounding off numerical values ( revised ). 

fGlossary of terms relating to methods of mechanical testing of metals. 
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c) Location of the pendulum in relation to the test piece supports, 
and 

d) Side play of the pendulum bearings. 
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Fig. 1 Charpy Impact Test 
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Fig. 2 Charpy Impact Test Piece 
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Fig. 3 Izod Impact Test 



3.2*2 The axis of rotation of the pendulum shall be horizontal within 
1/1000. In the case of beam-type machinism, test piece supports should 
be such that the axis of the test piece is parallel to the axis of rotation of 
the pendulum within 1/1 000. The plane of swing of the pendulum shall 
be perpendicular to the transverse axis of the Charpy specimen anvils or 
Izod vice within 3 : 1 000. 

3*2.3 A gauge in the form of a bar, approximately 55 mm in length 
and of section 10 i O'Ol mm square, shall be located in the test piece 
supports. When the striking edge is brought into contact with the bar, 
the coincidence between the striking edge and the face of the bar shall 
be within 0*03 mm over the full width. 

3.2.4 The pendulum for Charpy and beam V-notch tests shall be so 
located that the striking edge of the pendulum is within 0*5 mm of the 
centre of the gap between the test piece supports. 
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Fig. 4 Izod Impact Test Piece 



3.2.5 The pendulum for Izod tests shall be so located that the point of 
contact between the striking edge and the test piece is 22 ± 0'5 mm 
above the reference surface of the test piece supports. The angle between 
the bottom side of the striker and the face of the test piece shall be 
100 ± 1° ( see Fig. 4 ). Any gauge used for checking shall be within 
02°. For all types of machine, the side-play in the pendulum bearings 
shall not exceed 0'25 mm, and the radial play shall not exceed 0*03 mm. 

3.3 Pendulum 

3.3.1 The verification of the pendulum ( including striker ) shall 
consist of determining the following: 

a) Initial potential energy; 

b) Error in the indicated absorbed energy; 

c) Impact velocity; 

d) Energy absorbed by friction; 

e) Position of centre of percussion ( that is, distance from centre of 
percussion to axis rotation ); 

f ) Radius of curvature of the striking edge; 

g) Angle of tip of striker ( see Fig. 1 and 4 ); and 
h) Direction of striker. 
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3»3.2 The initial potential energy A shall not differ from the nominal 
value by more than ± I percent. The initial potential energy is 
determined by the following formula: 



A = M ( 1 — cos a ) 



where 



M = moment of the pendulum, and 
a = angle of fall ( see Fig. 5 ). 

The moment of the pendulum is determined by supporting the 
pendulum at a chosen distance 1% which should preferably be greater 
than 1/2 from the axis of rotation by means of a striking edge on a 
balance or dynamometer in such a manner that the line through the axis 
of rotation which joins the centre of gravity of the pendulum is horizontal 
( see Fig. 6 ). The force F and the length 1% shall be determined 
to an accuracy of 0*2 percent. The moment M is the product F x / 2 * 
The angle of fall (a) shall be measured to an accuracy of 4 minutes of 



arc. 



Note — In certain cases, it may be necessary to remove the pendulum from the 
machine to determine its moment by the method described above. Other methods 
of determining M are not precluded. 



ANGLE OF / 
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Fig. 5 Diagram Illustrating Swing of Pendulum 
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^\V\\\VV L CENTRE OF TEST PIECE 
Fig. 6 Diagram Illustrating Swing of Pendulum 

3.3.3 The graduation marks of each scale corresponding to 0, 10, 20, 
30, 50 and 70 percent of the full range of the scale shall be verified. For 
each of these graduation marks, the pendulum shall be so supported that 
the graduation mark is indicated by the pointer, and the angle of rise 
P then determined to within 4 minutes of arc. The indicated absorbed 
energy Ay is given by the following formula: 

A v = M ( Cos p - Cos a ) 

The degree of inaccuracy of measurement 1%, Fand p when specified, 
yields a mean total error of measurement of Ay of approximately i 0*3 
percent of the full scale value. The error in Ay, shall not exceed 3*0 
percent of the indicated value or 1*0 percent of the full scale value, 
whichever is greater. ( The potential energy after the test pieces has 
been struck should never be less than one-tenth of the potential energy 
before the test piece was struck. ) 

3.3.4 The impact velocity v shall be determined from the following 
formula: 



v =* V 2gl ( 1 - Cos a ) 

g = acceleration of free fall; its value may be taken as 0*81 m/s a , to 
save measurement at the site of each testing machine; and 

I = distance from the axis of rotation of the pendulum to the centre 
of the test piece for Charpy and beam V-notch tests, and to the 
point of impact for the Izod test, 

9 
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The impact velocity shall be 5 to 5*5 m/s for Charpy machines and 
3 to 4 m/s for Izod machines. 

Note — For charpy machines manufactured before publication of this standard, 
an impact velocity of 4*5 to 7 m/s is permissible. 

3.3.5 The energy absorbed by friction includes air resistance, bearing 
friction and the friction of the indicating pointer. The frictional losses 
due to the indicating pointer and to the remainder of the machine may 
be estimated as given in 3.3.5.1. 

3.3.5.1 The machine is operated in the normal manner, but without 
a test piece in position, and the angle of rise p x noted as indicated by the 
pointer. A second test shall then be carried out without resetting the 
indicating pointer and the new angle of rise 02 noted. 

For a simple swing of the pendulum from the angle of fall a, the 
losses by friction (p) of the indicating pointer during the rise is given by 
the following formula: 

p x= M ( Cos Pi - Cos (* 2 ) 

The losses by bearing friction and air resistance (/>'), during the fall 
and the rise is given by the following formula: 

p' — M ( Cos p 2 - Cos a ) 

The values of Pi and (3 2 usec * for the calculation of p and p' shall be 
the mean values of four determinations. 

The total losses by friction and air resistance, for one swing, shall 
not exceed 0*5 percent of the initial potential energy of the pendulum. 

3.3.6 The distance h from the centre of percussion to the axis of 
rotation is derived from the time of swing of the pendulum, and it should 
be within ± 1 percent of/. The distance shall be determined by swing- 
ing the pendulum through an angle not exceeding 5° and by measuring 
the time t of a. complete oscillation in seconds, h is derived from the 
following expression: 



h - IS? 



where the value of 



7T 2 = 9*87, and 
g = 9*81 m/s 2 . 

Therefore, h in metres = 0'248 5 t % . 
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3*3.7 The value of t shall be determined within 0*1 percent. For 
instance with a pendulum having a periodic time of approximately 
2 seconds this accuracy may be achieved by ascertaining the mean value 
of t derived from four determinations, each of a total duration T of 100 
complete oscillations, provided the quantity ( Tm<z* — T*Min ), which 
represents the repeatability, is not more than 0'2 second. 

3.3*7.1 The radius of curvature of the striking edge shall be checked 
with a gauge. Any gauge used for checking shall be within ±0*1 mm 
diameter. For Charpy and beam V-notch tests, the radius of curvature 
shall be 2 to 2'5 mm. For Izod tests, the radius of curvature shall be 
0*5 to 1*0 mm. 

3.3,7.2 The angle of the tip of the striker shall be checked with a 
gauge. Any gauge used for checking shall be within 0*2°. For the Charpy 
and beam V-notch tests, the angle shall be 30 ± 1°. For Izod tests, the 
angle shall be 75 ± 1°. 

3*3.8 When the striking edge of the pendulum makes contact with the 
test piece, it shall be perpendicular to the longer dimensions of the test 
piece within 2°. 

3.4 Test Piece Supports 

3.4.1 Charpy and Beam V-notch Tests — The following dimensions of the 
test piece supports shall be checked: 

a) Distance between supports, 

b) Taper of supports, and 

c) Radius of curvature of supports. 

3.4.1.1 The distance between supports shall be 40* jf 5 mm. Any 
gauge used for checking shall be within ± 0*1 mm. 

3.4.1.2 The taper of supports shall be 1 ± 0*1 in 5„ that is, a slope 
of 0'18 to 0*22 ( approximately 11 ± 1° ). Any gauge used for checking 
shall be within 2*0°. The radius of curvature of supports shall be 1 to 
1*5 mm. Any gauge used for checking shall be within ± 0*1 mm on 
the diameter. 

3.4.2 Izod Tests — The following dimensions of the test piece supports 
shall be checked: 

a) Angle between supporting face of grips and the horizontal end, 
and 

b) Width of locating slot for test piece. 

11 
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3.4.2.1 A square or circular section shall be clamped in the grips. 
If square, the bar shall be of the dimension as given in 3.2*3; a bar of 
circular section shall be of diameter 11*4 ± 0*014 mm and of length 
65 mm. 

3.4.2.2 The angle between the face of the test piece and the surface 
of the grips shall be 90 ± 0*5°. Any gauge used shall be within 0'1°. 

3.4.2.3 The width of the locating groove shall be lOlo-^nim for 
square section test pieces. For circular test pieces, it shall be of semi- 
circular cross section having a diameter of 11*506 to 11 '557 mm. Any 
gauge used shall be within ± 0*025 mm. 

3.5 Indicating Equipment 

3.5.1 The verification of the indicating equipment shall consist of the 
following: 

a) Examination of the scale graduations, and 

b) Examination of the indicating pointer. 

3.5.1.1 It is recommended that for new machines the scale intervals 
represents a maximum of 1 J for machines having a capacity of 150 J or 
less and 2 J for machines of greater than 150 J capacity for the Charpy 
machines. 

3.5.1.2 For Izod machines, the scale intervals shall not exceed 1J 
for machines of 80 J or less, and 2 J for machines of greater than 80 J 
capacity. 

3.5.1.3 It is recommended that the length of the smallest division 
shall be not less than 2 mm. The scale may also be graduated in degrees 
or fractions of a degree. 

3.5.1.4 Tests shall be carried out to determine whether the centre 
of circular scale is at the centre of the axis of the pendulum. The thick- 
ness of the graduation marks and the thickness of the indicating pointer 
shall not exceed 0*2 of the minimum scale spacing. The indicating 
pointer shall permit a reading free from parallax. 

4. DIRECT CHECK BY TESTS ON UNNOTCHED TEST PIECES 

4.1 This method involves the following: 

a) Selection and preparation of test pieces, 

b) Tests in a previously calibrated machine, 

c) Measurements of dimensions and tests in the machine to be 
checked, and 

d) Assessment of performance. 

Note — If the method is being employed to check the performance of a machine 
over a period of time, tests under (b) shall not be required. v "'■ 
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4.2 For each scale point to be checked, 5 JV test pieces are required. JV 
is preferably 6 and should not exceed 10. The test pieces may be cut in 
consecutive order from the selected bar of metal and numbered in 
sequence so that two consecutive numbers are given to continuous test 
pieces. The test pieces should be heat-treated to possess uniform 
properties such that they withstand bending without fracture or formation 
of cracks, and such that the edges of the grips do not make deep 
indentations. After treatment the test pieces shall be machined together 
to the dimensions given below: 



Dimensions 


Value 


Tolerance 


Length 


55 mm 


+ 0-1 mm 


Width 


10 mm 


± 0*05 mm 


Thickness 


Variable ( see Note ) 


± 0-01 mm 



Note — It has been found that thicknesses of 3 mm, 5 mm and 7 mm are suitable 
for checking at absorbed energy levels of approximately 20 J, 70J and 140 J respecti- 
vely, using a mild steel in the normalized condition. 

4.3 The test pieces numbered 1JV+ 1, 2JV+ 1, 3JV* + 1 and 4 JV + 1 are 
bent in the reference machine. Each test piece is mounted in the machine 
so that the striker strikes a 10 mm wide face (see Fig. 7). Let 7~i, T* 2 , 
Ta, 7*4 and T b be the quantities of absorbed energy, arranged in 
increasing order. If T* — T\ is less than 5 percent of 7"i, the uniformity 
of metal is considered satisfactory and the remaining 5JV— 5 test pieces 
may be used for checking. It is assumed that bending each of these 
5JV — 5 test pieces shall absorb a quantity of energy Tz. 
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Fig. 7 Test Pieces 
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4.4 It shall be ascertained that the machine to be checked complies with 
the requirements of 3.4. To verify the graduation mark corresponding to 
the value T 3 , five of the 5JV — 5 test pieces are tested. Let Tim, 7~ 2 m, 
Tam, 7" 4 m and Tsm be the quantities of absorbed energy corresponding to 
readings made on the scale of the machine being checked, arranged in 
increasing order. 

4.4.1 For these tests, each test piece shall be placed on the supports in 
such a way that the striking edge of the striker strikes it exactly in the 
middle of its length. 

4.4.2 Different graduation marks on the machine may be checked in 
this manner by varying the thickness of the test piece, the value of T 
being determined in each case by the method described in 4.3. 

4.5 Repeatability is characterized by the difference Tsm — 7~ im . 
Accuracy is characterized by the following quantity: 

Tm ~ Ta X 100 

1 3 

If T*5m — 7*im does not exceed 10 percent of Ti m , the repeatability 
of the machine at the graduation mark corresponding to 7" 3 is considered 
satisfactory. 

If the difference between 7" 3m and Tz does not exceed 5 percent of 
T 3 , the accuracy of the machine at the graduation mark corresponding to 
T 3 is considered satisfactory. 

If either of the above conditions is not satisfied, the machine shall be 
verified and serviced as described in 3. 
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AMENDMENT NO. 1 JUNE 1980 

TO 

15:3766-1977 METHOD FOR CALIBRATION OF PENDULUM 
IMPACT TESTING MACHINES FOR TESTING METALS 

(Firet Rexrisien) 
Alterations 

{Page 9, elauee 3.3.4, line 4) • Substitute 

'9.81 a/s 2, for '0.81 »/s 2 '. 

{Page 12, clause 3.4.2.2) ~ Substitute the 
folloving for the existing clause: 

'3.fc.2.2 The angle between face of the test piece 
and the surface of the grips shall he 90 ♦ 1*. Any 
gauge used shall he vithia Q.l *' 



(aoc 3} 

lepragrap*/ Vait # II I # fev fielii 
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AMENDMENT NO. 2 SEPTEMBER 1982 

TO 

IS:3766-1977 METHOD FOR CALIBRATION OF PENDULUM 
IMPACT TESTING MACHINES FOR TESTING METALS 

(First Revision) 

£orrjjgendum 

{Pagn 21, clause 3.4.1.2, line 3) - Substitute 
"O^ ' for '2.0°'. 

(SMDC 3) 
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